A magnetic field induced coupling is observed between the Landau levels with dicherent quantum number of two GaAs quantum wells separated by a thin (Ga,Al)As tunnel barrier using magneto-photoluminescence-excitation spectroscopy. This coupling cannot be due to a resonance between single particle energy levels, and therefore an explanatioii is proposed in terms of the Coulomb interaction of magneto-excitons across the thin barrier.
Introduction
In an asymmetric double quantum well (ADQW) structure, consisting of two quantum wells (QW's) of different well width separated by a thin barrier, the tunneling of carriers from one well to the other can be detected directly by means of optical spectroscopy. The basic question whether electrons and holes tunnel independently or as bound electron-hole pairs is still a matter of controversy. For instance in GaAs based ADQW's it has been found that, although the carriers tunnel independently, the Coulomb interaction between electrons and holes strongly affects the tunneling behaviour [1] . Furthermore, Lawrence et al. [2] have recently claimed that in CdTe based ADQW's the dominant transfer mechanism is associated with the tunneling of an exciton as a whole, which is favoured by the enhanced exciton binding energy in that material. Here we study the coupling between two GaAs QW's in high magnetic fields, directed perpendicular to the plane of the QW's, and therefore the tunneling occurs between quantized Landau levels. In a single particle picture, because of momentum conservation, only tunneling between the Landau levels of equal quantum number is allowed. Experimental evidence presented here shows a coupling between the Landau levels with different quantum number, indicating the importance of the Coulomb interaction of magnetoexcitons in the neighbouring QW's.
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Experimental results
The MBE grown ADQW stuctures contain, apart from the usual buffer and cap layers, ten double quantum well units decoupled by 200 Å (Ga,AI)As layers. Each unit consists of a wide well (WW) of 100 Å and a narrow well (NW) of 50 Å thickness separated by a thin (Ga,AI)As barrier of variable thickness (40 or 80 Å). All experiments were repeated on a control sample, consist-inIg of one unit of two quantum wells of 100Å and 70Å width decoupled by a 500Å (Ga,Al)As barrier. The Al content of the (Ga,AI)As layers in all samples equals 35%. Magnetophotoluminescence excitation (M-PLE) spectra were recorded at 4.2 K using a tunable Ti:sapphire laser, a single grating monochromator and a cooled GaAs detector. Magnetic fields up to 17 T were used, with the fleld oriented along the growth axis. Typical spectra for the sample with 40Å barrier are depicted in Fig. 1 . At finite flelds clear Landau level transitions appear in the spectra, shifting up in energy with field Β according to the Landau level quantization: ΕΝ = (N + 1/2)ħeΒ/μ* (N is the Landau level index, μ* is the reduced effective mass). Figure 2 shows the resulting fan chart for the 40 Å barrier sample. Focusing on the magnetic field dependence of the WW hh Landau levels, in the vicinity of the NW hh (N = 0) peak, we interconnected the relevant data points by solid lines in Fig. 2 . The dashed lines were calculated by solving Schrödinger's equation of a twodimensional exciton in a magnetic field [3, 4] . These dashed curves describe the data points fairly well, except for the WWhh higher index curves (N > 2), where the experimental points deviate from the model when approaching the lowest NW transition (N = 0). Similar results were obtained for the 80 Α barrier sample, whereas the results on the control sample were entirely different. In this case the spectra of the 100 Α QW showed no influence from the neighbouring 70 Α QW.
Discussion
In a magnetic field the in-plane Landau level quantization is strictly decoupled from the spatial confinement in the growth direction. Thus no coupling occurs even in the case of an energetic resonance between WW and NW Landau levels of different quantum number (because of momentum conservation) [5] . Therefore we cannot explain the experimentally observed interwell coupling in a single particle picture, and an alternative coupling mechanism is necessary to produce a mixing of the Landau quantization and the spatial QW confinement. Because the exciton Bohr radius is larger than the well separation, the Coulomb interaction is a good candidate. For barriers of only 40 or 80 Α the Coulomb field of an exciton in one well is still very effective in the other well. Recent experiments on carrier tunneling in GaAs based ADQW's prove that interwell excitonic effects are very important [1] . In a field it is likely that excitonic effects will grow in importance because with increasing magnetic field the exciton binding energy is enhanced considerably, due to the Lorentz force induced reduction of the in-plane exciton radius [3] . Actually, Lawrence et al. [2] observed tunneling of magnetoexcitons in CdTe based ADQW's, due to the increased exciton binding energy in a magnetic field, in addition to the enhanced binding energy in these kind of materials. In view of these considerations we postulate the observation of coupling of the Landau levels with different quantum number mediated by the Coulomb interaction of magnetoexcitons across the thin barrier.
